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bl =
{
b0
À Ç l = 0
2l−1b0
À Ç l ≥ 1
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t = i ∗ t0
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Rx(t = i ∗ t0) = data  received  on  base  layer +
∑
l∈{active  upper  layers}
data  received  on  layer l
= b0
i−1
∑
k=0
t0 +
∑
l: l>0 and 2l<i+1
2l−1b0
i−1
∑
k=2l−1
t0
= b0t0

i +
∑
0<l<log2(i+1)
2l−1(i + 1 − 2l)

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Rx(t = i ∗ t0) =
i(i + 2)b0t0
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rx  ineff =
nb of received pkts
nb of usefull pkts
= 1 +
nb of extra pkts
nb of usefull pkts
≥ 1
(P§3Â
len
ÍaaL  Ç ¥'3< ³ ' Ç ¢Á¢Á Ì ÀÁ£'·IÀÁ£'LÜ`p3ÀÁ£	È¡ÍvÅ'×
Rx(i)
rx  ineff
≥ len
BDCetBFE
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Rx(i)
rx  ineff
≥ enc  rate ∗ i ∗ t0
kÀÁ·`' ¶ È' Ì ' Rx(i)/rx  ineff §'Â¡h£¥'¡('£am Ç Â~ÀÁ¥'¥'3<¦§'Âm Ç '£§ÀÁ£ Ç À|( ³aÌ '£ÈÀÁ£'·É' Ç `¢|¢Á Ì À|£'·-¤h<h(<× b0 = 160 Ú~Í'¤ ³ t0 = 0.25 P§ ³ rx  ineff = 1.66 F ´hµ-Hj³ h£p¥ enc  rate =
2
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V SDmin ≈ 63 ∗ t0 = 15.75
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Ì ÀxÉ¡ÐÑÖ ' bl §Ph£ Ç ¢Á¢| Ì I'¢xÀ|¤¢|À§hÀÁÂ§<'(`×
bl =
{
b0
À Ç l = 0
(Cl − Cl−1)b0
À Ç l ≥ 1
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Ö
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Tl
ÀÁ·ÀÁÂ£	ÍaS×
Tl =
TSD
plÌ ' Ã  ÀÁ'7 À|( Ã ¢Áh'<3ÀÁ£}Ö;F ª H ¤`¤paÈL('P'À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¥'×
pl = min
(
1.0,
20 ∗ pkt  sz ∗ TSD
2lb0
)
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Tl =
TSD
pl
= Cl
b0
20 ∗ pkt  sz
= Cl ∗ constant
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À|£	<h'¤	¤'`È ³ 3ÀÁI t = i ∗ t0 ³'Ì À|	'hÍv3ÂÅÂ3¢|'¦ Ç t0 ³ À ·`À|ÂP£Í~S×
Rx(t = i ∗ t0) = data  received  on  base  layer +
∑
l∈{active  upper  layers}
data  received  on  layer l
= b0
i−1
∑
k=0
t0 +
∑
l: l>0 and Cl<i+1
(Cl − Cl−1) ∗ b0
i−1
∑
k=Cl−1
t0
= b0t0

i +
∑
0<l<logC(i+1)
(Cl − Cl−1) ∗ (i + 1 − Cl)


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PÜa3À|`£§h£	ÍvÈÀÁ(¤'¢ÁÀxÎL¥?×
Rx(t = i ∗ t0) =
(
i +
i(i + 1 − C)
C + 1
)
∗ b0t0
=
i(i + 2)b20
(C + 1) ∗ 20 ∗ pkt  sz
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Rx(t = i ∗ t0, C = 2) =
i(i + 2)b20
60 ∗ pkt  sz
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RLC: received data / reception inefficiency
WEBRC: received data / reception inefficiency
amount of data with a 2 Mbps single layer video
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Rx(t)
rx  ineff
≈ c ∗ t2
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i2b0t0
3 ∗ rx  ineff
= c(i ∗ t0)
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c =
b0
3 ∗ t0 ∗ rx  ineff
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enc  rate = 2
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Rx(tmin)
rx  ineff
= V SD ∗ enc  rate
ÊË£Øh§D'	3ÀÁ' ¢|aI¥'<3À|`£ÔÀ'	~-ÀÁICuÂ3À|¢hÍ¢|3I'	P£¥Ô Ç '	Â~À¥±·(P£`P×
V SD − tmin
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Constant 2 Mbps single layer video
Usefull data received
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0 ≤ j ≤ i− 1
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Constant 2 Mbps single layer video
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¤vPÀ|(ÀÀÁ§Ph¢Á¢|ÒÈI0h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V SD = t1 + tloss + t2}<h£pÈ(ÀÀ|`£0À§§P Ç '¢bÀ Ç ×
Rx(t1) + Rx(t2)
rx  ineff
≥ enc  rate ∗ V SD
L×
c ∗ t21 + c ∗ t
2
2 ≥ enc  rate ∗ V SDÆ Ç ¡¤'¢§À|£'· t2 £¥~`§BÀÁ£'· tloss ×
tloss ≤ V SD − t1 −
√
enc  rate ∗ V SD
c
− t21 = f(V SD, t1)
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t1 ∈ [0; t1  max =
√
enc  rate∗V SD
c ]
Ö0 'P§3Â-§¤hÍ'ÀÁ¢ÁÀx-À73ÀÁ' Ç  t1 = 0 ³ '£ÒC(À|£'ÀÁ'L§3Â§¤hÍÀ|¢ÁÀxDÀP`§P¥h
t1 =
√
enc  rate∗V SD
2c
×
tloss  min(V SD) = V SD −
√
2 ∗ enc  rate ∗ V SD
c
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160000
3∗0.25∗1.66 = 128, 000
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Rx(t)
rx  ineff
≈ c ∗ Ct
Ì '7§ÅÀ(§£È£`LÖ=0§`(¤hÀ|£· Ì À|CLÜ`p3ÀÁ£ ¶ ×
Ci ∗ b0 ∗ epoch
(C − 1) ∗ rx  ineff
= c ∗ Ci
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t1, duration after which the loss burst occurs (seconds)
VSD = 60sec
VSD = 90sec
VSD = 120sec
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Í~S×
c =
epoch ∗ b0
(C − 1) ∗ rx  ineffY±£' Ì §`£`ÀÁ£a§`£ÀÁ¥PhÀÁ£ Ì Àx C = 4/3 £¥ epoch = 0.5 P§`£¥'k`m¤`¤v`P¥IÀÁ£ FÁ ´DH Ö c Àk£' Ì ×
c =
3 ∗ b0
2 ∗ rx  ineff
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  t1 h£¥ t2 Ív0P¤vP§BÀÁÂ¢Á°'0À|(Ív Ç 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V SD = t1 + tloss + t2<h£(ÀÁÈÀÁ£ÀÁ¡Èp§§L Ç '¢?À Ç ×
Rx(t1) + Rx(t2)
rx  ineff
≥ enc  rate ∗ V SD`P×
c ∗ (4/3)t1 + c ∗ (4/3)t2 ≥ enc  rate ∗ V SDÆ Ç P¤'¢Á`§ÀÁ£'· t2 h£¥	~<§ÀÁ£'· tloss ×
tloss ≤
ln(
enc  rate∗3t1V SD−c∗22t1
c ) − 2 ∗ t1 ∗ ln(3/2) + V SD ∗ ln(3/4)
ln(3/4)
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Ì À|	' Ç ¢Á¢| Ì ÀÁ£'·(¥Î£'À|ÀÁ£CÀÁ£`PÂhh¢j×
t1 ∈ [0; t1  max =
ln( cenc  rate∗V SD )
ln(3/4) ]
ÖD 'P§3ÂP-§¤hÍ'ÀÁ¢ÁÀx-À73À| Ç  t1 = 0 ³ £Ò	(ÀÁ£'ÀÁ'
P§uÂPD§¤hÍ'ÀÁ¢ÁÀxDÀ P§<'L¥3
t1 =
ln( 2∗cenc  rate∗V SD )
ln(3/4)
×
tloss  min(V SD) =
ln(( cenc  rate∗V SD )
2∗ln(2)
ln(3/4) )
ln(3/4)
−
2 ∗ ln( cenc  rate∗V SD ) ∗ ln(3/2) − (V SD ∗ (ln(3/4)) − 2 ∗ ln(2)) ∗ (ln(3/4))
ln(3/4)2
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3∗160000
2∗1.66 = 144578
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t1, duration after which the loss burst occurs (seconds)
VSD = 60sec
VSD = 90sec
VSD = 120sec
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Host A
Video streaming server
Host C
Multicast router
Host B
sends a constant 8.2Mbps UDP flow to Host D
In experiment "Limited bandwidth":
receives UDP flow from Host B
In experiment "Limited bandwidth":
Host D
Video client
100Mbps Hub 10Mbps Hub
Bottleneck
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